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© Vacuum toilet system. 


rj© A vacuum toilet system for a vehicle (e.g. an 
^aircraft) uses grey water from a wash basin (40) to 

rinse a toilet bowl (2) during flushing of the latter. 
^The grey water is collected in a reservoir (338) and 
®can be drawn into the bowl (2) by the vacuum in the 
CO sewer pipe (8) to which the bowl (2) is connected. 
JfiAir can enter the bowl (via 352) to combine with the 

rinse water during flushing. 
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VACUUM TOILET SYSTEM 


This invention relates to a vacuum toilet sys- 
tem for use in a transport vehicle. 

Vacuum toilet systems have been known for 
many years. The modern vacuum toilet system 
comprises a waste-receiving bowl, a sewer pipe 
that can be placed under a pressure that is sub- 
stantially lower than that in the interior of the waste- 
receiving bowl, and a discharge valve for control- 
ling passage of material from the waste-receiving 
bowl into the sewer pipe. A rinse liquid outlet is 
provided near the rim of the waste-receiving bowl 
and is connected through a rinse liquid valve to a 
source of pressurized rinse liquid. During a flush 
cycle, in which the discharge valve is opened, the 
rinse liquid valve is opened and rinse liquid is 
introduced into the waste-receiving bowl. 

Non-recirculating vacuum toilet systems using 
plain water as a rinse liquid are attractive for use in 
aircraft. In such a system, it is conventional for the 
rinse liquid to be provided from the aircraft's pota- 
ble water system. The potable water system in- 
cludes a tank, pipes connecting the tank to con- 
suming devices, such as the vacuum toilets and 
hand basins, and a pump for maintaining the water 
in the pipes under pressure. 

An aircraft toilet system comprises a holding 
tank for receiving waste material from the waste- 
receiving bowl. In order to avoid transporting ma- 
terial that could be discharged from the aircraft in 
flight, grey water, i.e. water that, though not pota- 
ble, can be discharged into the environment with- 
out treatment, e.g. water from hand basins and 
from galley sinks, is not fed into the vacuum toilet 
system so that it enters the holding tank but is 
discharged from the aircraft through a drain mast. 

US-A-4713847 discloses a vacuum- toilet sys- 
tem in which a pump is used to deliver rinse water 
to a toilet bowl under control of a valve that is 
opened in response to actuation of a flush switch. 

Throughout this description and claims referen- 
ces will be made to "above" and "below", "upper" 
and "lower", "top" and "bottom" and it should be 
understood these are intended to refer to relative 
dispositions when the vehicle is travelling horizon- 
tally (e.g. an aircraft is in level flight). The use of 
these and similar terms denoting relative positions 
is adopted for convenience in describing the sys- 
tems and should not be interpreted as restricting 
the invention to use when the vehicle is horizontal. 

What constitutes the invention is defined in the 
following claims 1, 7 and 13 and basically involves 
providing a reservoir for collected grey water and 
including means to dispense rinse water from the 
reservoir when flushing action of the waste-receiv- 
ing bowl is required. Suitably purification means is 


provided to give rise to at least some purification of 
grey water delivered from its source in a water 
utilization unit to a rinse liquid outlet in the waste- 
receiving bowl. 

s A preferred embodiment of the invention is a 
vacuum toilet system comprising a toilet bowl hav- 
ing a cover mounted for movement relative to the 
toilet bowl between an open position and a closed 
position, the cover being in at least partially sealing 

10 relation with a rim of the bowl when in the closed 
position. A liquid supply opening is provided for 
introducing grey water into the toilet bowl when the 
cover is in the closed position. A discharge valve 
connects the outlet opening of the toilet bowl to a 

rs sewer pipe, in which a partial vacuum can be 
established. A reservoir has an inlet opening for 
receiving grey water and an outlet opening in com- 
munication with the liquid supply opening. The inlet 
opening of the reservoir is exposed to substantially 

20 the same pressure as the liquid supply opening 
when the toilet bowl cover is in the open position 
and the discharge valve is closed. Rinse liquid is 
drawn from the reservoir into the toilet bowl by way 
of the liquid supply opening when the discharge 

25 valve is open and the cover is in the closed posi- 
tion. 

The invention will now be further described, by 
way of example, with reference to the accompany- 
ing drawings, in which; 
30 Rgure 1 is a schematic diagram of a vacu- 

um toilet system in accordance with the present 
invention, including a toilet bowl, a grey water 
reservoir and a pump, the toilet system being 
shown in its normal operating condition, imme- 
35 diately before a flush cycle, 

Rgure 2 is a top plan view, partly in section, 
of the grey water reservoir when the toilet system 
is in its normal operating condition, 

Rgure 3 is a top plan view of the disc 
40 member of a disc valve that is incorporated in the 
grey water reservoir, 

Figure 4 is a sectional view of a combination 
pump and grey water reservoir used in a modifica-. 
tion of the system shown in Rgure 1 , 
45 Figure 5 is a part sectional schematic view 

of a second vacuum toilet system in accordance 
with the present invention, 

Rgure 6 is a sectional view taken on the tine 
VI-VI of Rgure 5, and 
so Figure 7 is a schematic illustration of a third 

vacuum toilet syst m in accordance with the 
present invention. 

In the various Figures, lik reference numerals 
designate corresponding components. * 

The vacuum toilet system illustrated in Rgure 
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1 is designed to be installed In a pressurized 
aircraft and comprises a toilet bowl 2 which defines 
an interior space for rec iving waste material and 
has an outlet opening 4. The outlet opening is 
connected to one sid of an electrically driven 
discharge valve 6. and the opposrte side of the 
discharge valve is connected through a sewer pipe 
8 to a holding tank 10. The discharge valve 6 
controls flow of material from the toilet bowl to the 
holding tank. A pressure difference of about 250 
mbar is required to operate the system illustrated 
in Figure 1. Sufficient pressure difference for op- 
erating the system exists between the cabin of the 
aircraft and the ambient atmosphere when the air- 
craft is at an altitude greater than about 5,000 m. If 
there is insufficient pressure difference between 
the cabin of the aircraft and the ambient atmo- 
sphere, a blower 12 is used to establish a sufficient 
pressure difference. Reference may be made to 
US-A-4713847 for further information regarding the 
manner in which material is transported to the tank 
and removed from the tank. 

The vacuum toilet system also comprises a 
hand basin 40 having a cold water valve 42, and an 
outlet pipe 44. The cold water valve 42 is con- 
nected through a pipe 46 to a source (not shown) 
of water under pressure. The cold water valve 42 ,s 
solenoid-operated and automatically closing. When 
a user presses a button (not shown), a switch 48 1 is 
closed to supply electrical current to a solenoid 50 
which opens the valve 42. When the supply of 
current is discontinued, e.g. by removing pressure 
from the button holding the switch 48 closed, the 
valve 42 recloses. A secondary cold water supply 
switch 52 is connected in parallel with the switch 

481 The outlet pipe of the hand basin 40 is con- 
nected to a grey water reservoir 62. The grey water 
reservoir comprises a lower housing 64 and an 
upper housing 66. The upper and lower housings 
define three passages 70. 72 and 74 that are 
controlled by a valve disc 68, which has openings 
82 84 and 86, shown also in Figure 3. The valve 
disc 68 is located between the upper and lower 
housing 64, 66 and is mounted on a shaft 53. 
which is rotatably supported by the housings 64 

a " d The disc 68 is coupled through the shaft 53 
and an arm 54 (Figure 2) that extends radially of 
the shaft 53 to a vacuum-actuated motor 152 which 
is operable to rotate the disc 68 selectively to a 
position in which the passage 70 is open or a 
position in which the passages 72 and 74 are open. 
The motor 1 52 comprises a cylinder 154 in which a 
piston 156 is slidingly fitted so that it defines a 
chamber of variable volume. The piston 156 is 
provided with a piston rod operating the arm 54 as 
shown in Figure 2. A spring 162 urges the piston 


156 towards the position shown, in which the pas- 
sage 70 is open. When the piston 156 is in another 
end position more to the right of that shown in 
Figure 2, the passages 72 and 74 are open, 
s The outlet pipe 44 enters the reservoir 62 
through an inlet opening 76 aligned with the pas- 
sage 70 and in open communication with the pas- 
sage 72. However, a sleeve 80 extends downwar- 
dly from the opening 76 and a wall 87 extends 
10 upwardly from an edge of the passage 72, to a 
level above the lower end of the sleeve 80. and 
therefore water that passes through the opening 76 
will not enter the passage 72 unless the passage 
70 is closed and the passage 72 is open. 
IS The passage 74. which, like the passage 70, is 
in direct, open communication with the interior 
space of the reservoir 62, is connected through a 
pipe 93 to the sewer pipe 8 at a point downstream 
of the discharge valve 6. 
20 An overflow pipe 88. which is connected to a 
drain system under cabin pressure, branches from 
the outlet pipe 44 just above the reservoir 62. The 
reservoir 62 is provided with a level detector 91 
which provides an electrical signal in the event that 
25 the free surface of water in the reservoir falls below 
the level detector 91. 

At the bottom of the reservoir 62 there is a 
discharge opening 94 which is coupled to the pas- 
sage 72 by a pipe 98. At its lower end, the pipe 98 
30 is formed with openings 102 and is surrounded by 
a filter 106. 

The discharge opening 94 at the bottom of the 
reservoir 62 is connected through a pipe 110. pro- 
vided with a check valve 114, to a pressure ac- 
3S tuated pump 118. The pump is also connected 
through a rinse water supply pipe 135, provided 
with a check valve 136. to a spray nozzle system 
138 at the rim of the toilet bowl 2. 

The pump 118 is connected to one port 128 of 
40 a three-way solenoid valve 130. The valve 130 has 
a second port 144, which is connected to the sewer 
pipe 8, and a third port 148. which is exposed to 
cabin pressure P,. The valve 130 is controlled by a 
switch 149 via a solenoid 147. When the swi ch 
« 149 is closed, the solenoid 147 operates the valve 
130 to connect the port 128 to the port 144 and the 
partial vacuum applied to the outlet of the pump 
118 via the sewer pipe 8, causes a metered quan- 
tity of water to be discharged from the pump by 
50 way of the pipe 135. When the switch 149 is open, 
the valve connects the port 128 to the port 148 so 
that cabin pressure is applied to the pump and 
water is drawn into the pump from the pipe 110. A 
second solenoid valve 170, whose solenoid 173 is 
55 controlled by a switch 171. has one port 172 ex- 
posed to cabin pressure P.. a second pori t 74 
connected to the sewer pipe 8. and a third port 76 
connected through a pipe 150 to the motor 152 
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(Figure 2). When the switch 171 is open, solenoid 
173 is deenergised and the valve 170 commu- 
nicates cabin pres sure Pi to the motor 152, and 
the spring 162 urges the piston 156 to the position 
shown in Figure 2 so that the disc 68 is placed in 
the position in which the passage 70 is open. 
When the switch 171 is closed, the valve 170 
moves to connect the pressure in sewer pipe 8 to 
the motor 152 so that the piston 156 moves in the 
direction of the arrow A in Figure 2 and the pas- 
sages 72 and 74 are opened as the passage 70 
closes. 

A flush control unit 180 receives inputs from a 
flush initiation switch 182, which is controlled by a 
flush control button (not shown), and the level de- 
tector 91, and provides outputs to control the states 
of the discharge valve 6 and the switches 52. 149 
and 171. The flush control unit 180 may also re- 
ceive other inputs and provide other outputs but 
these are not germane to the present invention and 
will not be discussed. 

The flush control unit 180 has two modes of 
operation, namely a normal flush mode and a back- 
wash mode. In the normal flush mode, the unit 180 
ensures that the level of water in the reservoir 62 
remains at least as high as the level detector 91. If 
the water level in the reservoir 62 falls below the 
level detector 91, the unit 180 closes the switch 52 
and the valve 42 opens and cold water is supplied 
to the reservoir 62 for a predetermined time. The 
volume of water in the reservoir is then greater 
than that required for one flush cycle. If the reser- 
voir 62 is filled, and water backs up in the outlet 
pipe 44 to the overflow pipe 88. any additional 
water entering the pipe 44 overflows through the 
pipe 88 and is discharged from the aircraft by way 
of the drain mast (not shown). 

When the flush control button is pressed, the 
switch 182 is closed and the unit 180 responds by 
initiating a flush cycle. During the flush cycle, the 
unit 180 opens and closes the discharge valve 6, to 
remove waste material from the bowl 2, and causes 
rinse water to be supplied to the bowl 2. The unit 
180 ensures that a sufficient degree of vacuum 
exists in the holding tank, but the manner in which 
this is achieved is not pertinent to the invention and 
will not be described herein. Reference may be 
made to US-A-4713867. The present invention is 
concerned with the means whereby the rinse water 
is supplied. 

At a predetermined time in the flush cycle, the 
unit 180 closes the switch 149 and thereby ac- 
tuates the valve 130 to connect the port 144 to the 
pump 118, so that water is discharged from the 
pump through the rinse water supply pipe 135 and 
th check valv 136 to the spray nozzi system 
138. Subsequently, the unit 180 opens the switch 
149 and the vaive 130 places the port 148 in 


communication with the pump, so that water is 
drawn from the reservoir 62 through the filter 106, 
the discharge opening 94, the pipe 110 and the 
check valve 114, into the pump 118, recharging the 

s pump 118. 

In order to prevent the filter 106 from becom- 
ing blocked, it is necessary to clean it from time to 
time. This is accomplished when the aircraft is 
being serviced, by operating in the backwash 
to mode. In the backwash mode, the unit 180 en- 
ergizes the blower 12 for establishing the required 
partial vacuum in the holding tank 10. The unit 180 
also closes the switch 52 so that the cold water 
valve 42 is opened, supplying clean water to the 
15 hand basin 40. When sufficient time has elapsed to 
ensure that any solid material In the hand basin or 
the outlet pipe 44 will have been washed into the 
reservoir 62, the switch 52 is opened. The switch 
171 is then closed so that the solenoid vaive 170 
20 connects the port 174 to the port 176, applying 
vacuum to the motor 152. Consequently, the disc 
68 is turned, closing the passage 70, so that air 
cannot enter the reservoir 62 through that passage, 
and opening the passages 72 and 74. Opening of 
25 the passage 74 applies a subatmospheric pressure 
to the interior of the reservoir 62, and therefore a 
flow of air is established from the hand basin 
through the outlet pipe 44, the passage 72. the 
pipe 98, the apertures 102, the filter 106, the inte- 
30 rior space of the reservoir 62 and the passage 74, 
into the pipe 93. This flow of air displaces solid 
material from the filter and ensures that the solid 
material does not settle into the bottom of the 
reservoir 62 but is entrained in the flow and is 
as removed from the reservoir by way of the passage 
74, the pipe 93 and the sewer pipe 8. 

The vacuum toilet system shown in Figures 1 
to 3 allows use of grey water for rinsing the water- 
receiving bowl 2, and thus reduces the amount of 
40 water that needs to be carried by an aircraft 
equipped with a non-circulating vacuum toilet sys- 
tem. The system is not limited to the use of grey 
water for toilet rinsing, and does not require that all 
grey water be used for toilet rinsing or otherwise 
45 delivered to the holding tank. 

Figure 4 shows a modification of the system of 
Figures 1 to 3, in which the reservoir 62 is in- 
tegrated with the pump 118. The pump 118 com- 
prises a housing that defines two coaxial cylindrical 
so bores, and a compound piston member 134 that 
has large and small diameter pistons 206, 208 
connected by a rod 210. The pistons 206, 208 fit 
slidingly in the two bores respectively, whereby two 
chambers 122 and 126, whose volumes depend on 
55 the position of the piston member 134, are formed. 
A spring 140 urges the piston member 134 towards 
the position in which the chambers 122 and 126 
are of maximum volume. The reservoir 62 is an- 


4 


EP 0 363 012 A1 


nular and surrounds the smaller bore of the pump 
!5 Tov r part of its length and has an annular 
bottom wdl 202. The smaller piston 208 moor- 
TZ ft ch ok valve 114. depicted schemat,- 
S y as a flap covering a hole in the smaller piston 
^ chamber 126 is separated from the reserve, 
£ e by a wall 212 and the rod 210 extends hrough 
an opening in the wall 212. The opemngs 102 are 
formed in the wall of the chamber 22. 

The outlet pipe 44 opens at rts lower end into 
the reservoir 62 through a port 216. wh.ch ,s con- 
SteTbv a valve 221. normally held open by a 
X UM> 224 which extends through 
ml wall 212. The filter 106 is seated against the 
Stem wall 202 of the reservoir 62 and extends 

above the holes 102. 

The bottom wall 202 is formed with a port 252 
which communicates through a > <™f^ 
valve 254 with the vacuum sewer pipe 8. The wau 
202 is also formed with a port 260. which is con- 
nected to the lower end of a pipe 262 the upper 
enf of which is connected to the outlet p,pe 44 
above the level of the overflow pipe 88. 

When the valve 130 is in its ^ ^T^ 
that it communicates cabin pressure to the cham 
h-r 96 the soring 140 forces the compound pis- 
o e Z£ 1?4 Upwards, to the posifion shown , n 
Figure 4. Assuming that the chamber 122 :anc the 
reservoir 62 are empty, grey water from the hand 
£ Tflows through the pipe 44 and into me reser- 
voir 62 through the port 216. The valve 254 .s 
Tsed aiid therefore the grey 'water, drains toroug 
the filter 106 into the chamber 122 and fills the 
rinse water pipe 135. Assuming that sufficient grey 
wa erTs suppL. the reservoir 62 and its feed pipe 
Z are filed to the level of the overflow p.pe 88. 
1 overftow pipe 88 is slightly below the spray 
™Le system 138. and therefore excess grey wa- 
ter will overflow through the pipe 88 and not 
S ough the spray nozzle system. Water also drains 
So the pipe 262. which is filled to the level of the 
2ZZ*. When the * 
pressed, the flush control unit 180 (niyei) 
causes the valve 130 to swing to its second posi- 
tton thereby closing to cabin pressure and opening 
«m Partial vacuum is applied to toe cham- 
ber 126 and cabin pressure applied to the top of 
to a'ger Piston 206 forces the piston assembly 
34 downwards against the force of the spring J 4a 
The water in the chamber 122 is pressunzed I m hs 
Ixpelled from the chamber 122 through the rinse 
water pipe 135 and the spray nozzle system 138. 
iftoe piston assembly 134 moves down, wate -n 
S£2£ 62 drains through the = 106. 
th ft soace on top of the smaller piston 208. Atter 
SfiSme fS the 

bottom position, e.g. about 0.5 seconds the valve 
130 swings back to its normal posrtion. d.sconnect- 


ing the chamber 126 from the P'««ure in the 

sewer pipe and connecting it to cabm pressure 

The spring 140 pushes the piston assembly 34 

back to its top position, while the check valve 114 

s STm smaller Piston 208 allows water to pass from 

he upper side of the piston 208 to the lower side 

thereof filling the chamber 122. Thus, the pump is 

ready for the next stroke. 

,n the event that the level of watering 

„, reservoir 62 falls below the level detector 91, the 
10 Sector provides a signal 

unit 180, and the unit 180 closes the switch 52 so 
toat potable water is supplied to the basin 40 to 
rfistore the level of water in the reservoir 62. 
IS Sotic material in the grey water that enters the 
rese^ir 62 is trapped by the filter « U* that 
does not enter the chamber 122. The filter 106 « 
cleaned by backwashing as prev.ously described 
when the aircraft is on the ground. 
20 In order to backwash the filter 106 . partial 
vacuum is established in the sewer p.pe 8 and he 
unit 180 opens the valve 254. Any water in the 
Reservoir 62 and the outlet pipe 44 Is removed by 
lay of the port 252. The valve 134 hs swung o ,te 
25 second position, and the piston member 134 * 
forced downwards. When the P^ 1 ™"*? 
eaches its bottom position, the larger , piston 206 
engages the plunger 224 and forces jd™""* 
causing the valve 221 to close the port 216, toere- 
30 by panting air from entering the reserve. S2 by 
way of the port 216. Therefore, water preset ^nft. 
pipe 262 is drawn into the reservoir and passes 
trough the filter 106 in the reverse direction, re- 
Sng solid material deposited on the exterior of 
3S L filter. When the water has been exhausted Mtom 
he pipe 262. air is drawn into the reservoir through 
h! r5oe 262 and the filter 106. Solid material 
Zi ed from the filter is removed from the reser- 
2*82 by way of the port 252 and enters the 
« sewer pipe 8. After sufficient time to ensure a 
eTable backwash, for example about 5 seconds, 
toe vale 254 is closed and the valve 130 is swung 
to its normal position. 

It will be appreciated that during normal flush. 
« the alve 221 will be closed if partial vacuum is 
* ipl ed to the chamber 126 for a sufficient time, 
bf Ws has no effect on operation of the vacuum 

^etstems described with reference to £ 
«, ures 1 to 4 are subject to disadvantages, .n that 
50 f ach Hes a pump and valves and regu.es^ a 
filter to protect the pump and valves, and to pre 
vent blockage of the spray nozzle system. More- 
over each includes a level detector to ensure that 
ss there 5 always be sufficient water in the reservoir 
56 62 to xecute y a flush. Since a large passenger 
aircraft might have about 15 toilets, each with its 
oTfeservoir and level detector, the risk of fa.lure 
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of a level detector is significant, and if a level 
detector fails, the entir potable water system 
might be mptied. Further, in the systems shown in 
Figures 1 to 4, the flow of air into the bowl 2 does 
not have a significant cleansing effect. 

In the system illustrated in Figures 5 and 6, the 
waste-receiving bowl 2 is mounted in an external 
shroud 300 which is spaced from the bowl. An air 
supply member 302 made of moulded synthetic 
polymer material is secured to the rim of the bowl 
2 and bridges the space between the bowl 2 and 
the shroud 300. The member 302 is generally 
annular and includes a flange 304 which extends 
downwardly into the bowl in spaced relationship 
from the interior surface thereof. Accordingly, an 
annular channel 306 is defined between the flange 
304 and the interior surface of the bowl 2. 

Inside the bowl 2 is a rinse water distribution 
pipe 320 which extends about two-thirds of the way 
around the bowl. The pipe opens into the annular 
channel 306 by way of three ports 324, one at each 
end of the pipe 320 and one intermediate its ends. 
A deflector plate (not shown) is positioned in front 
of each port 324. In a modification of the system 
shown in Figures 5 and 6, the rinse water distribu- 
tion pipe 320 might extend about three-quarters of 
the way around the bowl 2 and have four outlet 
ports spaced approximately equally around the 
bowl 2. 

The rinse water distribution pipe 320 is con- 
nected by a rinse water supply pipe 328 to a 
reservoir 338, which receives grey water from the 
hand basin 40. The reservoir 338 is preferably 
placed close to the bowl 2, in order to minimize the 
length of the pipe 328. However, it might alter- 
natively be placed directly below the hand basin 40 
like an enlarged water trap. The reservoir 338 is 
divided into upper and lower compartments 340, 
342, which are separated by a wall 344 formed with 
a hole 346 for liquid flow. The rinse water supply 
pipe 328 extends almost to the bottom of the lower 
compartment 342, and is formed with a small vent 
hole 350 just below the top of the upper compart- 
ment 340. The drain pipe 44 is configured so that it 
drains easily into the reservoir 338. The overflow 
88 is placed close to the reservoir 338 to minimize 
the amount of water stored in the pipe 44 when the 
reservoir is filled up to the level of the overflow. 
The drain pipe 44 opens into the lower compart- 
ment 342, and when the lower compartment is full, 
additional grey water delivered into the lower com- 
partment enters the upper compartment through 
the hole 346. When full, the lower compartment 
342 contains enough water for one flush of the 
bowl 2, for example about 200 ml. The aircraft 
cabin pressure is communicated to the lower com- 
partment 342 by the drain pipe 44 and by the rinse 
water supply pipe 328, the vent hole 350 and the 


hole 346. 

• The air supply member 302 is formed with 
numerous bores 352 which extend into the channel 
306. The bores 352 are spaced apart around the 

s member 302. In a practical implementation of the 
invention, there may be eighty such bores 352, For 
clarity of illustration, the bores 352 are shown in 
Rgure 5 as extending radially, but in facUhe bores 
are inclined at an angle of about 5 to 10* from the 

io radial direction and ail extend into the .channel 306 
in the counterclockwise direction with respect to 
the member 302, when viewed in plan. At its upper 
surface, the air supply member 302 is formed with 
grooves 358. The grooves 358 extend semi-tangen- 

rs tially with respect to the member 302 and are alt 
directed inwardly in the counterclockwise direction 
when viewed from above. Of course, the bores 352 
and grooves 358 may be directed clockwise in- 
stead of counter-clockwise into the toilet bowl 2. 

20 The bowl 2 is provided with a seat 360 and a 
cover 362. The seat and the cover are mounted to 
the air supply member 302 by a hinge 364. When 
the seat 360 is lowered, it engages the air supply 
member 302 and closes the grooves 358 at the 

26 top. The seat 360 is formed with a gap 366 at the 
'front of the toilet bowl. The cover 362 is shaped so 
that when it is lowered, the aircraft cabin is not in 
direct open communication with the interior of the 
toilet bowl through the gap 366. The purpose of the 

30 gap 366 is to provide a rapid flow of air into the 
toilet bowl, and thereby prevent build-up of under- 
pressure therein, in the event of a malfunction that 
causes the valve 6 to open when the toilet is in 
use. 

35 The cover 362 operates the flush initiation 
switch 182, which is shown only schematically in 
Figure 5. The switch 182 is closed automatically 
when the cover is closed, and remains open when 
the cover is open. 

40 When the cover 362 is lowered, the flush con- 
trol unit 180 issues a flush signal in response to the 
closing of the switch 182, and the discharge valve 
6 is opened. Suction is applied to the interior space 
of the bowl 2, and this suction ensures that the 

45 cover is held down in firm, sealing relationship 
against the seat. Due to the partial vacuum estab- 
lished in the interior space of the bowl 2, air is 
drawn into the interior space of the bowl through 
the grooves 358 and the bores 352. The air that 

so enters the annular channel 306 through the bores 
352 has a substantial peripheral component of ve- 
locity and therefore executes a swirling motion 
about the interior space of the bowl. The air enter- 
ing the toilet bowl through the grooves 358 ex- 

55 ecutes a similar swirling motion. 

When partial vacuum is established in the toilet 
bowl, suction is applied through the ports 324 and 
the water distribution pipe 320 to the water supply 
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pipe 328. Water is drawn into the pipe 328 from 
the lower compartment 342 and is discharged into 
th channel 306 through th ports 324. The water 
leaving the pipe 320 through the ports 324 im- 
pinges on the deflector plates (not shown), which 
cause the water to spray upwards and to the side. 
The water entering the channel 306 is entrained 
into the swirling flow of air from the bores 352 and 
executes a similar swirling motion, cleansing the 
interior surface of the bowl. The flow of air adds 
kinetic energy to the flow of rinse water, enhancing 
the cleaning action of the water. The turbulent 
motion of air and water in the bowl may create a 
mist, which may flow upwards in the space defined 
by the interior surface of the flange 304 and result 
in deposit of mist droplets on the underside of the 
cover 362 and on the seat 360. This upward flow of 
mist is inhibited by the flow of air through the 
grooves 358. 

When suction is applied to the water supply 
pipe 328, some air or water (depending on the 
filling level of the reservoir 338) is drawn from the 
upper compartment 340 into the pipe 328. When 
the liquid level in the lower compartment has fallen 
below the lower end of the pipe 44, air is sucked 
into the reservoir 338 through the vent 348. Since 
the air enters the lower compartment and is pass- 
ing upwards through the hole 346, the lower com- 
partment is in throttled communication with the 
upper compartment and the lower compartment is 
not refilled by gravity flow from the upper compart- 
ment during a flush but only when the flush opera- 
tion is completed. 

When the discharge valve 6 is closed, water 
from the upper compartment 340 drains into the 
lower compartment 342, refilling the lower compart- 
ment. Thus, the reservoir 338 functions as a meter- 
ing device which, at each flush, delivers a volume 
of water approximately equal to the volume of the 
lower compartment plus the volume of water In the 
pipes 44 and 328 above the level of the top of the 
lower compartment. In order to minimi2e variations 
in volume, the pipes 44 and 328 should be rela- 
tively narrow, e.g. 1 .25 cm in diameter. 

The pipe 328 slopes downwards towards the 
reservoir, so that when a flush is completed, water 
remaining in the pipe drains back into the reservoir, 
minimizing grey water usage. 

In an aircraft, the degree of partial vacuum that 
is established in the toilet bowl when the discharge 
valve is opened can vary quite widely. Also, in 
some aircraft vacuum toilet systems the flush time 
depends on the location of the toilet bowl (forward 
or aft). Therefore, the reservoir 338 is d signed so 
that at low vacuum and short flush time, the lower 
compartment of th r servoir is just bar ly emp- 
tied. At higher vacuum and/or longer flush time, the 
lower compartment is emptied w it before the dis- 


charge valve 6 is closed. 

For proper functioning of the system shown in 
Figures 5 and 6, it is necessary that the flow 
resistances of the three paths for delivering air and 

s water to the toilet bowl be balanced, so that the 
functions of the various flows are achieved. The 
proper balance is best achieved through experi- 
mentation. For example, it has been found that the 
greater part of the air flow should be provided 

10 through the bores 352. 

When the aircraft is first brought into service at 
the beginning of a working day, the flush control 
unit 180 automatically performs a power-up routine 
in which it opens the hand basin valve 42 for 

75 sufficient time to provide enough water to give up 
to five flushes. The unit 180 counts the number of 
flushes during the day and the number of times 
that the hand basin valve is opened under manual 
control, and utilizes this information to determine 

20 when there is a danger that the reservoir 33a is 
approaching an empty condition. If the flush control 
unit determines that the reservoir is approaching an 
empty condition, it causes the hand basin valve to 
open and provide additional water to the reservoir. 

25 In this manner, the need for a level detector in the 
reservoir is avoided. Moreover, because the water 
supplied through the outlet ports 324 is effectively 
distributed over the interior surface of the toilet 
bowl by the flow of air entering the toilet bowl, 

30 there is no need for fine spray nozzles. Further- 
more, there are no valves or pumps between the 
reservoir 338 and the ports 324. Accordingly, the 
need for a filter is avoided and this in turn avoids 
the need to be able to backwash the filter. Of 

35 course, a strainer may be provided in the outlet of 
the hand basin or in the drain pipe 44 connected 
thereto to catch objects such as matches and but- 
tons. 

The swirling flow of air that enters the toitet 

40 bowl in the system of Figures 5 and 6 is quite 
effective at cleansing the toilet bowl even without 
the aid of rinse water. Therefore, in a modification 
of the system of Figures 5 and 6, the flush control 
unit 180 is designed without the ability to count the 

45 number of flushes, so that if the reservoir runs dry, 
the toilet bowl is cleansed by the air flow only. In 
fact, the likelihood of the reservoir running dry is 
quite small, because normally more grey water is 
produced through use of the hand basin than is 

so required for toilet flushings. 

The toilet system shown in Figures 5 and 6 is 
not restricted to use on an aircraft, and a system 
similar to that shown might be installed in a ship or 
train, for example. In the case of a system de- 

55 signed for use otherwise than on an aircraft, factors 
relating to the type of installation might dictate 
modifications. For example, in the case of a system 
on a ship, where the volume of waste is unimpor- 
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tant because it is pumped overboard, the pipe 328 
might slope down towards the toilet bowl so that at 
the end of a flush, water in the pipe 328 drains into 
the toilet bowl and forms a pool of water. In a toilet 
system on a train, the degree of vacuum and the 
flush time is not subject to large variation, and 
therefore a simpler reservoir may be employed. In 
such a reservoir, there would be distinct upper and 
lower compartments, and the volume of grey water 
withdrawn on each flush would be determined just 
by the degree of partial vacuum and the flush time. 

When designed for use in an aircraft, a vacuum 
toilet system as shown in Figures 1 to 3, possibly 
modified in accordance with Figure 4, or as shown 
in Figures 5 and 6. may be incorporated in a self- 
supporting module that is installed in the aircraft as 
a unit. The module comprises a toilet bowl and 
associated discharge valve, a hand basin, a reser- 
voir and. in the case of the system of Figures 1 to 
4 a pump and filter. The module is self-contained 
except for connections to the vacuum sewer pipe, 
the potable water supply and. if necessary, the 
aircraft drain system. In the aforesaid modification 
of the Figures 5 and 6 system, where no overflow 
pipe is provided, relocation of the toilet module is 
facilitated because there is then no gravity line 
leaving the module. 

Figure 7 illustrates a grey water flush system 
developed for use on a railway train. It will be 
appreciated that space and weight constraints are 
not generally as severe on a train as on an aircraft, 
and moreover variations in the direction of gravity 
relative to railway carriages are not as great as the 
variations in the direction of gravity relative to an 
aircraft. 

In the toilet system shown in Figure 7, me 
drain pipe 44 opens into a grey water reservoir 400 
having an upper compartment 404 and a lower 
compartment 406 separated by a wall 410 formed 
with a hole 412. A float 416 is disposed in the 
upper compartment 404, which compartment is 
connected to an overflow 420. 

A tube 424 connects the bottom of the reser- 
voir 400 to a filter housing 432. The interior space 
of the filter housing is divided into inner and outer 
chambers 434, 436 by a filter element 438. The 
tube 424 opens into the outer chamber 436. The 
inner chamber of the filter housing is in direct open 
communication, through a tube 442, with the inlet 
side of a pump 446, the outlet side of which is 
connected to the spray nozzles of the toilet bowl 2. 

A clean water reservoir 450 is mounted adja- 
cent to the grey water reservoir 400. The clean 
water reservoir 450 is connected to the train's 
potable water supply through a check valve 454 
and a solenoid valve 456. The clean water reservoir 
450 has an air vent opening 452 at its top and is 
connected at its bottom by a tube 460 to the inner 


chamber 434 of the filter housing 432. The clean 
water reservoir 450 is provided with a level sensor 
464. If the level of water in the clean water reser- 
voir falls below the level sensor, the level sensor 
5 issues a signal to the flush control unit 180, and the 
unit 180 in turn issues a signal that causes the 
solenoid valve 456 to open, supplying water to refill 
the clean water reservoir to a level above the level 
sensor. The outer chamber 436 of the filter housing 
io 423 is connected to the top of the upper compart- 
ment 406 of the grey water reservoir by a tube 
468. The grey water reservoir 400 and the clean 
water reservoir 450 communicate through the filter. 
Therefore, the level of grey water in the tube 468 
75 and the tube 424 of the reservoir 400 is the same 
as the level of water in the reservoir 450. 

Each time the control unit 180 receives a flush 
signal from the switch 182. it energizes the pump 
446 for sufficient time to draw a predetermined 
20 volume of water from the filter housing and deliver 
it to the spray nozzles in the bowl 2. This volume 
of water is about the same as that used for aircraft 
vacuum toilets', i.e. about 200 to 250 ml. The pump 
446 draws water from the inner chamber 434 of the 
25 filter housing 432. Because the filter has a finite 
flow resistance and the tube 460 is of considerably 
larger diameter than the tube 424, most of the . 
water drawn by the pump is taken from the clean 
water reservoir 450. and relatively little is drawn 
30 through the filter 428 from the outer chamber 436 . 
However, when the flush control unit switches the 
pump off, grey water from the reservoir 400 is able 
to flow through the filter and replenish the clean 
water reservoir. The grey water is thus ready for 
35 immediate delivery to the toilet bowl by the pump 
446. 

The reservoir 400 acts as a buffer that allows 
the filter 438 to pass grey water at a slower rate 
than that at which it is supplied by the hand basin 
40 40, thus minimizing the volume of grey water that 
needs to be discharged through the overflow 420. 

The tube 424 is connected through a valve 472 
to a tube 476. In order to clean the system and 
backwash the filter, the tube 476 is connected to a 
45 source of partial vacuum and the valve 472 is 
opened. Provided the level of water in the reservoir 
400 is below the level of the wall 410, the float 416 
seals the hole 412 and prevents water from being 
drawn from the reservoir 400. Consequently, the 
so suction applied to the outer filter chamber 436 
results in clean water from .the reservoir 450 being 
drawn through the filter into the outer chamber 436, 
dislodging solid material from the filter. The solid 
material is entrained in the flow of water and is 
55 removed from the system through the pipe 476. 
When the reservoir 450 and th tube 460 are 
empty of water, air is drawn through the filter 438 
and enters the outer chamber of the filter housing. 
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This air displaces water from the tube 468 and 
enters the compartment 406 and allows the water 
and any solid material in the compartment 406 to 
be removed by way of the tube 424. 

It will be appreciated that the pres nt invention 
is not restricted to the particular embodiments that 
have been described and illustrated, and that vari- 
ations may be made therein without departing from 
the scope of the invention as defined in the follow- 
ing claims. 

For example, in a modification of the system of 
Figures 1 to 3, the switch 48 is not connected 
directly to the solenoid 50. On closing the switch 
48, a signal is sent to the flush control unit 180, 
which closes the switch 52, and thereby energizes 
the solenoid 50, for a predetermined time. The 
toilet system described with reference to Figures 1 
to 3 is not restricted to use in aircraft, and may be 
applied to other transport vehicles such as trains 
and buses, and is not restricted to the particular 
types of pump and motor that have been illus- 
trated. The system described with reference to 
Figures 5 and 6 is not restricted to the particular 
number and arrangement of bores and grooves, 
and it is not essential to the invention that the 
grooves be directed to induce a swirling motion in 
the same sense as that induced by the bores. 
Indeed, the grooves may be directed radially, so as 
not to induce any swirling motion. In order to 
augment the swirling motion of the air that enters 
through the bores 352, guiding ribs may be pro- 
vided at the radially outer surface of the flange 304, 
the ribs being inclined downwards in the coun- 
terclockwise direction. Further, although each of the 
illustrated systems includes an overflow for excess 
grey water, such an overflow is not always essen- 
tial. Thus, in the case of the system shown in 
Figures 5 and 6, if the overflow 88 were omitted 
the excess grey water would flow into the bowl 2 
and thence into the waste tank, and so long as the 
waste tank were large enough to accommodate the 
extra grey water, this would not present a problem. 


Claims 

1. A water supply and waste disposal system 
for a transport vehicle, comprising a waste-receiv- 
ing bowl (2) having an outlet opening (4), a sewer 
pipe (8), a discharge valve (6) connecting the outlet 
opening (4) of the bowl (2) to the sewer pipe (8), a 
source (12) of partial vacuum for establishing a 
lower pressure in the sewer pipe (8) than in the 
bowl (2), a rinse liquid outlet (138, 324) for in- 
troducing rinse liquid into the bowl (2), a water 
utilization unit (40) having a water outlet (44), and a 
water supply system (42, 46) for providing water to 
the water utilization unit (40) , characterised in that 


a reservoir (62, 338. 400) is provided for collecting 
water from the outlet (44) of the water utilization 
unit (40), with means (118. 135) for delivering water 
from the reservoir (62, 338, 400) to the rinse liquid 
5 outlet (138, 324). 

2. A system as claimed in claim 1, charac- 
terised in that purification means (106, 438) is 
provided~to secure at least some purification of 
water delivered from the water utilization unit (40) 

70 to the rinse liquid outlet (62, 338, 400). 

3. A system as claimed in claim 2. charac- 
terised in that the purification means comprises a 
fiite7(T06, 438). 

4. A system as claimed in claim 2 or claim 3, 
is characterised in that the system also comprises 

backwash means for forcing fluid through the pu- 
rification means (106) to remove solid material from 
the said means, and for removing such fluid and 
solid material entrained therein from the reservoir 
20 (62). 

5. A system as claimed in any preceding claim, 
characterised in that the means for delivering water 
from the reservoir (62. 400) to the rinse liquid outlet 
com prises pump means (118, 446). 

25 6. A system as claimed in any of claims 1 to 4, 
characterised in that the means for delivering water 
from the reservoir (338) to the waste-receiving bowl 
(2) is actuated by the appearance of a reduced 
pressure in the bowl (2) resulting from an opening 

30 of the discharge valve (6). 

7. A toilet module for a transport vehicle that 
comprises a water supply system (42), a sewer 
pipe (8) and means (12) for establishing a partial 
vacuum in the sewer pipe (8), the module compris- 
es ing a toilet bowl (2) having an outlet opening (4), a 

discharge valve (6) having an upstream side con- 
nected to the outlet opening (4) of the toilet bowl 
(2) and having a downstream side for connection to 
the sewer pipe (8), a rinse liquid outlet (138, 324) 

40 for introducing rinse liquid into the toilet bowl (2), a 
wash basin (40) for receiving water from the water 
supply system and having a water outlet (44), 
• characterised in that a. reservoir (62: 338: 400) is 
provided for collecting water from the outlet (44) of 

45 the basin (40) with means for delivering water from 
the reservoir (62: 338: 400) to the rinse liquid outlet 
(138, 324). 

8. A module as claimed in claim 7, charac- 
terised in that the toilet bowl (2) has a rim and a 

so toilet bowl cover (362) mounted for movement rela- 
tive to the toilet bowl (2) between an open position 
and a closed position, the cover (362) being in at 
least partially sealing relation with the rim when in 
the closed position, the reservoir (338) having an 

55 inlet (44) for receiving rinse liquid from the wash 
basin (40) and an outlet (328) in communication 
with the rinse liquid outlet (324), the inlet (44) of 
the reservoir being exposed to substantially the 
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same pressure (Pi) as the rinse liquid outlet (324) 
when th cover (362) is in the open position and 
the discharge valve (6) is closed, whereby rinse 
liquid is drawn from the reservoir (338) into the 
toilet bowl (2) by way of the rinse liquid outlet (324) s 
when the discharge valve (6) is open and the cover 
(362) is in the closed position. 

9. A module as claimed in claim 8, charac- 
terised in that the reservoir (338) defines upper 
(340) and lower (342) compartments, the wash ba- io 
sin (40) is connected to the reservoir (338) by way 

of a first pipe (44), which opens into the lower 
compartment (342), the liquid outlet is defined by a 
second pipe (328) which extends from the lower 
compartment (342), and the lower compartment is 
(342) is in throttled communication (via 346) with 
the upper compartment (340). 

10. A module as claimed in claim 9, charac- 
terised in that the second pipe (328) is formed with 

a hoJe (350) that opens into the upper compartment 20 
(340). 

11. A module as claimed in any one of claims 
8, 9 or 10, characterised in that an air supply 
member (302) is fitted to the toilet bowl (2) at its 

rim, the air supply member (302) being formed 25 
with air supply bores (352) for allowing entry of air 
into the toilet bowl (2) when the cover (362) is in its 
closed position. 

12. A module as claimed in claim 11, charac- 
terised in that the air supply member (302) in- so 
eludes a flange (304) that extends downwardly into 

the toilet bowl (2), whereby an annular channel 
(306) is defined between the flange and the toilet 
bowl, the air supply bores (352) open into said 
annular channel and the rinse liquid outlet (324) 35 
also opens into said annular channel (306). 

13. A method of rinsing the toilet bowl of a 
vacuum sewage disposal system on a transport 
vehicle when the system includes a wash basin 
(40), which method is characterised in that a reser- 40 
voir (62, 338, 400) is provided to collect water 
leaving the wash basin (40) and means is em- 
ployed to feed some water collected in the reser- 
voir (62, 338, 400) as rinse water to the toilet bowl 

(2). 45 

14. A method as claimed in claim 13, charac- 
terised in that feeding of rinse water from the 
reservoir (338) to the bowl (2) is effected by a 
vacuum created in the bowl (2). 

15. A method as claimed in claim 13 or 14, so 
characterised in that the flow of rinse water is 
accompanied by streams of air entering the bowl 

(2). 

16. A method as claimed in claim 15, charac- 
terised in that the air streams cause a swirling of ss 
the rinsewater around the bowl (2). 
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